Introduction {#sec1-1}
============

There is an increasing awareness among patients regarding dental esthetics. Discoloration of teeth resulting from various reasons poses a major obstacle in achieving desirable esthetics. When compared to veneers and full-coverage crowns, bleaching is considered a conservative option for the management of discolored teeth. It can be done as an at-home or in-office procedure.\[[@ref1]\] The development of bleaching gels that use hydrogen peroxide (HP) or carbamide peroxide in high concentrations (35%--38%) has made in-office bleaching procedures easier, with immediate favorable results achieved, without a need for further patient cooperation.\[[@ref2]\] Longer application time and multiple visits are required in order to obtain optimum tooth-whitening results. This has a negative influence on the integrity of dental hard tissues.\[[@ref3]\] These changes range from microscopical alterations of enamel surface in the form of surface defects and subsurface pores to significant reduction in enamel microhardness.\[[@ref4][@ref5]\]

Direct topical application of remineralizing agents or their incorporation into bleaching gels has shown to decrease the unfavorable effects of bleaching agents on enamel.\[[@ref6][@ref7]\] Remineralizing agents such as fluoride, calcium, amorphous calcium phosphate (ACP), casein phophopeptide-ACP (CPP-ACP), hydroxyapatite (HA), and nano-HA (nHA) have shown promising results in various studies.\[[@ref7][@ref8][@ref9]\]

CPP-ACP has been developed based on calcium phosphate remineralization technology which can inhibit the demineralization process and enhance the remineralization of enamel and dentin.\[[@ref8][@ref10][@ref11]\] Studies have proven that the remineralization potential of CPP-ACP is capable of repairing initial enamel caries lesions.\[[@ref11]\] It has been reported that the application of a CPP-ACP paste either before or after in-office bleaching protocols can prevent HP-induced negative changes of roughness and hardness on enamel.\[[@ref12]\] Incorporation of CPP-ACP in 10% and 16% carbamide peroxide gels has shown to increase postbleaching enamel hardness.\[[@ref13]\]

With the advent of biomimetic materials in the field of dentistry, materials with properties similar to that of natural tooth structure and those which can completely replace lost tooth structure have evolved. HA is one such material which is considered the most biocompatible and bioactive.\[[@ref14][@ref15]\] Compared to micron-sized particles, nano-sized particles have shown to possess morphology and crystallinity comparable to dental hydroxyapatite.\[[@ref16]\] Studies have proven its potential to remineralize early enamel caries.\[[@ref9][@ref17][@ref18]\] It is also shown to preserve the enamel morphology and prevent the loss of enamel microhardness.\[[@ref19]\] HA can be produced using natural or synthetic sources. So far, the beneficiary effects of HA have been proven using the synthetically derived form. There is a paucity in the dental literature regarding the role of HA derived from natural sources.

Corals, cuttle fish shell, bovine bone, and eggshell are some of the natural sources of HA, which are otherwise disposed off as biowastes. Chicken eggshell could serve as a raw material for synthesizing HA in a natural and an economical way.\[[@ref20]\] Kunam *et al*. reported the efficacy of nHA derived from chicken eggshell in combination with 2% sodium fluoride in dentinal tubule occlusion and demonstrated the effective depth of penetration of this combination into dentinal tubules.\[[@ref21]\] Khoroushi *et al*.\[[@ref22]\] concluded that incorporation of HA as a remineralizing agent into bleaching gel is effective in decreasing enamel microhardness changes subsequent to in-office bleaching. Moosavi and Hakimi\[[@ref23]\] conducted a study in which bleaching followed by the application of MI paste, fractional CO~2~ laser, or nHA led to an increase in the elastic modulus and hardness of bleached enamel. Gomes *et al*.\[[@ref19]\] concluded that treatment of enamel with nHA paste prior to bleaching restores the hardness of enamel by minimizing the loss of Ca and P ions and increasing the uptake of *F* ions. Till date, there are no studies testing the efficacy of nHA derived from chicken eggshell on the microhardness of enamel following bleaching procedure. Hence, the aim of this *in vitro* study was to evaluate the effect of nHA derived from chicken eggshell on the microhardness of bleached human enamel in comparison with commercial CPP-ACP paste using Vickers microhardness test.

Materials and Methods {#sec1-2}
=====================

Synthesis of nano-hydroxyapatite powder from chicken eggshell {#sec2-1}
-------------------------------------------------------------

A simple combustion technique proposed by Sasikumar and Vijayaraghavan for synthesizing nanocrystalline HA powder using chicken eggshell, diammonium hydrogen phosphate \[(NH~4~) ~2~HPO~4~\], and citric acid was adopted in the current study. Eggshells were collected from a local hatchery and boiled in water for 30 min. The shells were dried for 60 min in a hot air oven and blended into a fine powder. The obtained powder was dissolved in concentrated nitric acid (con.HNO~3~), which resulted in the formation of a yellow eggshell solution. Standardized eggshell solution was added to 1 M citric acid. The pH of the solution was adjusted to 9.5 by adding 1:1 NH~4~OH. Adding 1 M (NH~4~) ~2~HPO~4~ solution drop wise at 1 ml/min resulted in a white precipitate, which was dissolved by the addition of con.HNO~3~. The solution was stirred at 70°C for 2 h until the formation of a transparent gel. The gel was subjected to combustion in a preheated muffle furnace at 250°C. This resulted in a black-colored precursor, which when sintered at 900°C for 2 h yielded a white-colored pure nanocrystalline HA powder.\[[@ref24]\] The nHA slurry was prepared by mixing 1.8 g of nHA powder with 0.3 ml of distilled water.

Specimen preparation {#sec2-2}
--------------------

The study protocol was approved by the Institutional Ethical Committee of SRM Dental College (SRMU/MandHS/SRMDC/2011/M.D.S-PG Student/010). Forty extracted noncarious maxillary incisors were collected and stored in distilled water containing 0.2% thymol until use. The teeth were decoronated at the cemento-enamel junction, and the root portions were discarded. The root canal openings were sealed with utility wax. The teeth were positioned in a plastic mold and embedded using a self-curing acrylic resin with the labial enamel surfaces exposed. The enamel surfaces of the teeth were ground into a flat surface using 80-grit silicon carbide papers and polished using 600-, 1200-, and 2400-grit aluminum oxide abrasive papers.

Baseline microhardness evaluation (T~0~) {#sec2-3}
----------------------------------------

Microhardness of the samples was determined using a Vickers microhardness tester (Wilson Wolpert Instruments, Aachen, Germany) fitted with a 300-g load. The indenter was allowed to sink and rest on the enamel surface for 10 s, and the Vickers hardness number (VHN) was determined. Three indentations were performed on each specimen, with a distance of 100 μm between them, and the measurements were averaged. This was taken as the baseline (T~0~) microhardness value (MHV) of the sample. The teeth were randomly divided into four groups based on the remineralizing agent used. No bleaching was done for samples in Group A, whereas Groups B, C, and D were bleached with 30% HP solution (Thermo Fischer Scientific, Chennai, Tamil Nadu, India), followed by no further treatment in Group B, application of CPP-ACP (GC Tooth Mousse; GC America Inc., USA) in Group C, and nHA slurry in Group D. In Groups B, C, and D, bleaching was done by allowing the HP solution to remain in contact with the labial enamel surface of the samples for 30 min, following which it was rinsed off with distilled water. In Groups C and D, after bleaching, CPP-ACP paste or nHA slurry was applied using a micro brush and allowed to remain on the enamel surface for 2 min. After remineralizing treatment, all the specimens including those of Group A were stored in artificial saliva (Aqwet, Cipla, Mumbai, Maharashtra, India) at 37°C. This procedure was repeated every day for 14 days.

Final microhardness assessment (T~14~) {#sec2-4}
--------------------------------------

At the end of 2 weeks, the microhardness of the samples was measured again. This value was taken as the posttreatment (T~14~) MHV of the sample.

Statistical analysis {#sec2-5}
--------------------

The T~0~ and T~14~ MHV were statistically analyzed by one-way ANOVA and Tukey\'s *post hoc* multiple comparison tests (*P* \< 0.05). Descriptive statistics were analyzed using SPSS Statistics V21.0 (IBM, USA).

Results {#sec1-3}
=======

The baseline and posttreatment mean MHV and standard deviation of all the groups are summarized in [Table 1](#T1){ref-type="table"} and the graphical representation of the same is given in [Figure 1](#F1){ref-type="fig"}. The baseline MHV ranged from 301 ± 7.56 KHV to 311 ± 8.38 KHN, with no significant difference among the groups (*P* \> 0.05), indicating uniform distribution of samples between the groups. *Post hoc* comparisons showed that, among the groups at T~14~, Group B had a significantly lesser MHV (*P* \< 0.05). Independent sample *t*-test showed that no significant difference was seen between MHV at T~0~ and T~14~ in Groups A, C, and D (*P* \> 0.05). A significant decrease in MHV was seen at T~14~ compared to T~0~ in Group B (*P* \< 0.05).

###### 

Mean±standard deviation of baseline (T~0~) and posttreatment (T~14~) microhardness value of all the study groups

  Groups                    Baseline MHV (T~0~)   Posttreatment MHV (T~14~)
  ------------------------- --------------------- ---------------------------
  A (no treatment)          306.66±13.57          306.27±12.49
  B (bleaching only)        311.14±8.38           291.84±8.09\*
  C (bleaching + CPP-ACP)   309.48±11.41          317.44±9.66
  D (bleaching + nHA)       301.60±7.56           308.46±6.67

\*Lowest MHV at T~14~ and significant difference between T~0~ and T~14~ in Group B (*P*\<0.05). MHV: Microhardness value; CPP-ACP: Casein phophopeptide-amorphous calcium phosphate; nHA: Nano-hydroxyapatite

![Graphical representation of the mean ± standard deviation microhardness value at baseline (T~0~) and posttreatment (T~14~) of all the groups](CCD-10-489-g001){#F1}

Discussion {#sec1-4}
==========

Microhardness of enamel varies depending on its degree of mineralization, local variations in its structure resulting from the presence of enamel rods, and tufts or porosities near the dentino-enamel junction.\[[@ref25]\] The morphology of bleached enamel has been extensively studied. It was observed that bleaching agents demineralize enamel to a depth of up to 50 μm. This loss of mineral is evidenced as hardness changes. Hence, microhardness tests are considered as appropriate to evaluate the adverse effects of bleaching agents on enamel.\[[@ref26]\] In the current study, there was a significant reduction in the microhardness (T~14~) of samples that were subjected to bleaching alone (Group B -- 291.84 ± 8.09 VHN). These results coincide with those of various other studies\[[@ref12][@ref13][@ref19][@ref22][@ref23]\] which have shown that bleached enamel is less harder than normal enamel.

A remineralization system should supply stabilized bioavailable calcium, phosphate, and fluoride ions because these minerals are lost after bleaching.\[[@ref27]\] In the current study, the application of CPP-ACP after bleaching (Group C) increased enamel microhardness (317.44 ± 9.66 VHN) significantly when compared to samples that received no additional treatment after bleaching. In comparison to the experimental group, where nHA derived from chicken eggshell (308.46 ± 6.67 VHN) was applied post bleaching (Group D), CPP-ACP increased the enamel microhardness, though not statistically significant.

CPP in CPP-ACP stabilizes calcium and phosphate ions at the tooth surface in a bioavailable state and prevents them from transforming into a crystalline phase. This reservoir of calcium, phosphate, and fluoride ions released from the nanocomplexes of CPP-ACP diffuse down concentration gradients across demineralized zones and deposit themselves into voids in apatite crystals. This promotes crystal growth in the form of fluoride-containing apatite, thereby achieving remineralization.\[[@ref27][@ref28]\] Yengopal and Mickenautsch conducted a systematic meta-analysis and concluded that there is sufficient clinical evidence demonstrating enamel remineralization and caries prevention by regular use of products containing CPP-ACP.\[[@ref29]\] These results are in accordance with other studies,\[[@ref12][@ref13][@ref23]\] which also found that enamel mineral loss was significantly reduced when CPP-ACP was applied.

In the present study, the nHA-treated group (Group D) showed a significant increase in enamel microhardness post bleaching (308.46 ± 6.67) compared to the bleaching-only group (Group B -- 291.84 ± 8.09). There was no significant difference between T~14~ MHV of samples in CPP-ACP group and nHA group. Chicken eggshell has a high percentage of bioavailable calcium (39%); relevant amounts of Mg, P, and Sr; and low levels of toxic metals such as Pb, Al, Cd, and Hg. This composition makes eggshell an attractive source of calcium.\[[@ref30]\] Eggshell waste helps in reducing the cost of high-quality calcium source and at the same time promoting the recycle of the material.\[[@ref20][@ref24]\] Synthesis of nHA from chicken eggshell by combustion method is an economical way of obtaining pure, crystalline nanoscale powder.\[[@ref24]\]

In our previous study, nHA powder synthesized by this technique was characterized using scanning electron microscopy (SEM) and X-ray diffraction (XRD).\[[@ref21]\] SEM observations confirmed the nanomeric size of the particles which were in the range of 19 to 30 nm. The particles were rod shaped and were present in the form of agglomerated clusters. XRD analysis of the synthesized powder showed a sharp and well-defined peak at 34.12° of 2^θ^ values and the Ca/P ratio was 1.67, confirming the presence of pure HA.

Crystals of nHA sediment on to the enamel surfaces and act as a template in the mineral precipitation process. The template further attracts large amounts of Ca^2+^ and PO^3−^ ions continuously from the remineralizing solution to fill up the defects and micropores on the demineralized enamel surface. This facilitates crystal growth and integrity, thereby promoting remineralization. Studies have shown that the effect of remineralization is increased when the size of the HA particle is reduced to nanometric range.\[[@ref18]\] An *in situ* study concluded that application of nHA paste prior to bleaching with 35% HP was able to restore the hardness of enamel and does not interfere in bleaching effectiveness.\[[@ref19]\] Studies have also shown that the use of nHA paste was effective at lowering the incidence and intensity of tooth sensitivity after bleaching.\[[@ref31][@ref32]\]

The current study results are contradictory to the *in vitro* study conducted by Comar *et al*. where different concentrations of nHA with and without fluoride were used in comparison with a commercial CPP-ACP paste by evaluating cross-sectional hardness on bovine enamel and dentin. There was no significant improvement in microhardness in samples treated with nHA.\[[@ref33]\] Santos *et al*.\[[@ref34]\] showed that the application of the nHA paste after the bleaching procedure did not significantly reduce the enamel loss compared to the unmodified HP group. This may be attributed to the high pH of the paste (8.6). It was shown that an increase of pH from 4.0 to 7.0 resulted in a decrease of calcium and phosphate released from nHA.\[[@ref18]\] However, the eggshell-derived nHA used in the present study is acidic in nature; hence, an enhanced remineralization effect is seen. Studies have also quoted that low solubility associated with pure HA might not provide enough available Ca and PO~4~^3−^ ions to increase the stability of the HA in the enamel.\[[@ref35]\] Further studies using nHA derived from chicken eggshell are needed in this regard. Although this study could not simulate the complex oral environment completely, these results could pave way for further research on the use of this naturally sourced nHA as a potential remineralizing agent.

Conclusion {#sec1-5}
==========

From the results of this *in vitro* study, it can be concluded that:

Bleaching with 30% HP significantly reduces the microhardness of enamelThe use of CPP-ACP or nHA restores the lost microhardness of bleached enamelnHA was as effective as CPP-ACP in remineralizing bleached enamel.
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